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feoooVf  1962»  i«g«»  U50«ll6t» 


T'hyaicftZ  proteotlon  agalntl  ridialion  oontiata  of  a  sst 
of  meapuroa  and  faoiiitiaa  datisAtd  to  protaot  the  oreaniBn! 
atfalnBt  radiatloni  ragulatton  of  radiation  Itvalii  ubo  of 
tfuardBi  roaotoly  and  autonatieally  oentrollod  satheda  of 
vorkt  and  th«  approprlato  taohnolody*  In  lottir^r  up  a  ayatam 
of  protaotion  againat  radiation  ^it  la  iaportant  to  dataralna 
tha  linita  of  dandas'i  i*a«t  to  aaaaaa  .oorraetly  the  radiation 
lavali  that  will  ba  aafe  for  aan* 

Aftor  axtonalva  aninal  axparlBantation  and  analyaia  of 
the  axparianoa  of  paraona  working  with  X-rayi  and  gaaaa  raya^ 

aoiantiati  daoidad  that  ptnetratini;  radiation  in  oer$Aln  doaaa 

> 

doaa  not  oauaa  irreveralbit  ehangea  in  the  bodyi  7ha  largoat 
doae  that|  in  tha  light  of  sodarn' knowladfOt  doea  not  oauaa 
Irraaaraibla  ohangaa  ia  eall'ad  tha  Baxiiua  paraiaaibla  doaa 

(TO'iO* 

Tha  biologioai  notion  of  radiation  dapanda  not* only  on 
tha  aiaa  of  tha  doaa  abaorbad  and  ralattwa  biologioal  af» 
faotivanaaa  of  different  klnda  of  radiationt  but  alao  on  tha 
j  waya  it  aota  on  ^  human  organlaa*  riaxlsua  panolaaibla  doaaa 
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entftblithtd  Aooordlnsly  for  both  oNtornal  «nd  intorntl  radio- 
tioni  iilxpoa«(t  to  aipha  or  bata  partiolaiif  ^atnoa  rayot  or 
noutrorkOi  nan  raoalvai  injury  only  ai  lon^  ai  ha  ia  naar  tha 
aouroaa  of  radiation. 

Working  with  radioaotira  aubatanoaa  of  tha  opan  kind 
(paokin^i  aoluiioni  prapa^ration  of  taffad  oonpounda»  fte<) 
nay  diaparaa  than  with  raaultant  eontamination  of  tha  roony 
air;  ai^uipnentf  olothlngi  and  handa.*  Thay  oan  naturally 
panatrata  iho  orgonian  undar  thaaa  oireunatanoaa.  Tha  radia¬ 
tion  anittadt  unlika  axtornal  radiation^  irradiataa  tha 
araa  for  a  lon^K  tino  until  tha  radioaotiva  aubntaneaa  ara 
aliminitktad  from  tho  body  aithar  through  daoay  or  phyaiolo^ioal 
loatCbboUam. 

Not  only  thoao  aotunlly  working  with  aourota  of  ioniaiiVK 
radiation  but  paraonnal  in  adjaoant  roena  (olarioal  and  ad- 
Rilnlitrotlva)  may  rooaiva  radiation.  Aooordinfflyt  tha 

^,!(i,^uffqi>.B-Qf  ■I.oni aln/t  kadiatlon  iaauod  by  tha  U  i  a  li 
Ninlatry  of  lioalth  and  Stata  Oontnittaa  of  tho  Oounoil  of 
Kiniatara  on  tho  uaa  of  atonio  anoray  aatabliahad  tha  fol- 

(l) 

lowinjif  thraa  oatag'orlaa  of  irradiation i  oatagory  X  -  oeoupa* 
tional  Irradiation  of  parnons  in  diraot  oontaot  with  aouroaa  of 


ipniaitjfc’  radiationi  (2)  datagfory  H  -  irradiation  of  paraena 

Mg  in  ««<$&■  ts)  IhSfO  t?S  WhlSU  “SdiSSStiTi  lub- 


iitanoftn  and  of  lonlalnj  radiation  ara  handled  but  who 

do  net  thataaolvoi  touoh  tho  mutarials  (inoludoi  thoao  in  ad* 
ninlotrativei  tKtrvioot  and  nupply  oroasi  in  all  buildl'n^n  and 
outdoor!  within  a  aanitury  proteotlvo  ion!)(  (3)  oata^ory  0  * 
irradiation  of  all  age  j^roupo  of  the  population  (inoluding 
thoufl  llvinis  in  avtaa  bordering*  on  a  aanitnry  proteotiv*  aonOf 
«v«ri  if  th!  adult  elonent  bslontstto  •ith!r  oata^'ory  A  or  li)> 
Th«  nuxiinuft)  poi'isioaiblo  do**!  for  oxtovnal  irradiation 
are  preoontod  in  'Jnblo  1. 


'i'ablo  I 

Maxinuia  Pormifliibl!  Uonaa  of  iilxtarnal  Irradiation 
(in  biologioal  oquivalanta  of  rad  -»  btr) 


Category  of 
Irradiation 

Idaxinum  permieslble  doae 

ber/week 

ber/year 

A 

0.1 

5 

B 

0.01 

0.9 

0 

0.001 

0,09 

Th!  MPO  for  t,h«  population  aa  a  whola  ia  laaa  than  twioe 
tiho  itinlRiubi  value  of  the  natural  baolc«{round  reeardod  ao  o(iual 
to  0.026  rad/year  and  100  tines  leao  than  the  Ml'U  for  oooupa- 

t 

I  tional  Irradiation. 


I  Stptndlnff  o»  voffklntf  oonditlona»  Irvediatlon  with  a  dost 
In  axotsa  of  th§  MI'S  la  panalttad  in  ena  day  or  waak  of  work# 
looordina  to  tha  hanitary  itaailationa «  it  la  parnlaalbla  to 
raoalva  a  doaa  net  In  axeaaa  of  J  bar  par  quarter  (IJi  oonaaoutiva 
uaaka}t  ratfardlaaa  of  tine  of  Irradiation  (avan  a  alnfla  ax- 
poaura)t  but  ,tha  working  oondltiona  during  tha  following  waaka 
Buat  ba  auoh  that  tha  total  doaa  not  axoaad  3  bar* 

Tha  total  doaa  3  for  oooupatlonal  irradiation  Buat  not 
axoaad  U  (N-16)  bart  whara  H  la  tha  paraen'a  aga  (16  la 
tha  ainlBua  agat  younger  paraona  are  net  pfralttad  by  Soviet  law 
to  work  with  radioaotiva  aubatanoaa)* 

Table  2  glvaa  tha  valuaa  of  MP6  of. different  kind a  of 
radiation  in  relation  to  thalr  relative  blologleal  affaetiva* 
noaa  (kBB). 


Sakla  a 


MaxiHui  faaalBalbla  ioae  lataa  for  Mffarant  llBda  of 
Hadlatiaa  (In  rai/vaak) 


1  OatagarlBB 

Had  of  r£:Sia!biM 

itn 

A 

s 

0 

X^oraya  aid  guna  rays 

1 

0.1 

0.01 

0.001 

lata  lartlalaa  and  alaitroBa 

1 

0.1 

0.01 

0.001 

rratoBB  aad  Alyha  yaartlalaa 
Nultlohargad  lam  and 

16 

0.01 

0.001 

0.0001 

ralaaBB  of  atoaui 

10 

0.00$ 

0.000$ 

0.0900$ 

ffhamal  BoitraM 

s 

o.oss 

0.008) 

0.00088 

iayld  BiutraBB 

10 

0,01 

0.001 

0.0001 
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r  X»  dotorainintf  th*  naxlttua  ptmivalbl*  Imli  of  Intoml**  I 
iKfikdifttionf  aeoeunt  ia  taken  both  of  th«  total  abooptoadi  dost 
onittod  by  a  fivan  radloaetlt'a  iaetepa  tbrcufhout  tha  tlaa  it 
ifaiaalna  vrlithin  tha  body  and  of  tha  orffan  vhioh  to  ovltioal  for 
that  laotopa  baoauaa  tha  dlffarant  radioaetiva  ottbataaoaa  oon* 
(lantrata  praforantially  in  oartain  organa  (of*  artlola  on 
'MUdiation  Toxioology")*  A  orltioal  organ  ia  ona  in  whioh 
iitoraga  of  a  radioaotlvo  iaotopa  raaulte  in  tha  oaxlnua  injury 

n 

to  tha  organian  aa  a  vrhola* 

Vha  following  thraa  greupa  of  organa  ara  oonaidarad 
orltioal  in  oaloulating  tha  naxlaua  paraiaaibla  oonoantration 
(KPO)  of  radieao‘'lva  aubatanoaai  group  1  •  antira  body^  gonada« 
(ussttalllna  lanoi  and  haiatopoiatio  organa)  group  i  •  Buaolaif 
fatty  tiaauot  livar*  kidnaya»  adranal  and  proatatio  glanda, 
gaitrolntautinal  traott  and  lurtgai  group  i  -  akinp  thyreidf 
ani  bonaa*  Tabla  3  praaanta  tha  aaoaptad  }U'D  valuaa  of  in* 

'sarnal  Lrriidlation  for  diffarant  groupa  of  oritioal  organa  and 
Irradiation  eatagoriaa* 


fabla  3 

Kaxioun  Pantiaaibla  Doaaa  of  Zntarnal  Irradiation 


Ximdiation 

Orottp  1 

Qroup  2 

Oroup  3 

oatioiory' 

bar/waok 

bar/yaav 

bor/wbok 

bor/Viar 

1 

1 

bor/yoar 

.1. 

0.1 

i 

0.3 

■9H 

iiin?f~nii 

30 

:u 

0.01 

0.5 

0.03 

wEEm 

0.06 

3 

0 

0.001 

0.03 

6.01 

vv’m 

1 

3 


f  I'or  pvAotioal  pttvpos««  it  1«  Irnportant  to  knew  the  MIC  In  | 
Air  and  water  of  the  radloaotive  ieotepe  whoee  entranee  Into 
the  body  with  the  dally  intake  of  water  or  air  ^leee  net  oreAte 
doeeo  in  exeeae  of  the  M?.?  in  oritieal  organs  or  in  the  body  aa 
'  a  whole,  'fhe  initial  data  for  thie  ealeulatien  oetoe  front 
a  knowledge  of  the  oritieal  orcan  for  a  eiven  ieotepe  (de¬ 
termined  experioentally  in  anlmale)  and  the  aaount  (aotivity) 
of  the  ieotope  that  ereatea  the  liy'd  in  a  oritioel  organ* 

'i'he  daily  intake  of  the  iaotope  with  trater  or  air  inuet  be  euoh 
that  after  30  yeare  of  work  the  iaotope  aotivity  in  the  body 
will  be  no  higher  than  the  value  at  which  ia  oreated  the  tSlO 
eitabliehed  for  the  partioular  group  of  iietopee  and  category 
of  irradiation  (Table  3).  The  danitarv  ;teeMlatiQ.ni  oentaln 
tablee  ahovini^i'  the  MPO  in  water  and  air  for  moat  of  tho  pre- 
aently  known  radioaotive  lootopee* 

The  auxinuu  psrntiieible  levole  of  eontamlnation  of  work 
aurfaoee,  hande*  and  clothing  art  determined  in  eiailar  fashion. 
In  doing  00  aooount  is  taken  of  the  portion  of  the  aotive  eub- 
otiiinee  that  might  enter  the  body  from  oentnminated  handn  or 
work  eurfaoee. 

Jith  iimultaneouo  action  of  eeyeral  radlntion  feotera^ 
the  total  doee  from  all  of  them  muet  not  exceed  a  eingle  r?D. 

The  eatabliahed  for  both  external  and  internal  ir- 

I 

,L..radlation  do  not  include  the  natural  baokground  or  the 
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f**Vadi«tlen  In  th«  aeurit  of  e*vl«in  MdlonX  pvootdurts  | 

(of*  tha  Avtlel*  "SOMi  of  Xoniiirtf  Ilftdl«tton")t 

atnnrnl  ngAaoinltfl  of  jagftiflfltian  ngtiait  giAintian. .  9h« 
nnln  puvpoi*  >>£  pvetnetivt  ntMUfti  in  wevleinf  with  rndienotlv* 
iiubita,no«ii  or  aourooo  of  ponotrnli^  fndifttion  li  to  provont 
tho  oubotonoit  froa  ontorlaf  tho  body  and  koopinc  tho  doio  of 
•MMmal  imdiabtM  bt  bkt  MMdMi  yaiiduikla  3«v«la.  fMliotiei 
.  fVM  cstesnuA  ifMdislIw  to  affir^  by  ■itoioMvjr  ov  Hivtoto 
•Mtomroa  vktok  ounM  aaftoy  i#  vtaktog  oMdtokoaa. 

Sinoo  tho  ron^ja  of  aipha  partioloa  (of;  ''Alpha  hajra") 
enittod  by  proaontly  known  radloaotlvo'  laotopoa  ia  vary  abort i 
no  mero  than  9  on  in  air  or  0*01  on  In  tiaauoi  olothin^  and 
rubbor  flovoa  protldo  full  protootidn  aca^nat  tihoso  parttoloi* 

Xf  ono  atanda  boyond  tho  ran^o  of  alpha  partioloa  in  air«  no 
haru  will  romilt  iron  if  tht  body  la  unprotaotid* 

Vo  protaot  tha  body  from  oxtarnal  irradiation  with  bota 
partiolaa  (of.  "Sata  aaya")»  radioaotira  aubatanoaa  nuat  ba 
handXad  bahind  apaoial  ahialda  (aoraana)  or  in  apaoial 
oabinata*  Vha  thioknaao  of  tho  protaotira  ansloaira  aiat  ba 
jtraatar  than  tha  naxiaun  ranga  of  tha  bata  partiolaa*  Vha 
naximun  rangaa  of  bota  partiolaa  with  anarflai  of  0*9i  1*0»  and 
2*0  MV  art  119»  and  710  on*  raapaotivalyi  in  tho  airi 
and  1*67«  4«d;'and  11*1  on  in  aoft  tiaauo*  noxlglasi  alwiinua» 
[^and  glnsa  art  tha  utual  protastivs  satorials*  9hs  Ihlokntai  of ,  I 
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f  proteotion  d  in  e/om^  nfty  dttArnintd  fvoa  th«  folldwlng 
upproKimnto  fornulAi 

d  -  0*$4*l!lg,^x  -OaS, 

I 

wh<ir«  !•  thtt  sAxittun  tnArier  of  tho  ^oto  iipootrutt  of  tha 
^jfivan  PAdiaaotivo  iootopt  In  vmv* 

Tho  foXlovrinii;  fopBula  in  uood  to  eaXoulAto  tho  do^to  of 

I 

vrotoation  ajfAinit  X*  op  tfAnoA  padlAtioni 

0  •  »g»  (hv,  /Ad I  a)  0“^**, 

wh«r«  in  thi  doat  at  a  fivon  point  in  tht  Absoneo  of  ppo- 

tootion;  1)  if  tho  doat  of  PAdlntlon  At  tho  aaaa  point  opAotod 

Aftor  panotPAtion  thpouijh  ppotoution  d  on  thioki  /Ala  tha 
» 

linoAP  e^tanuAtion  of  nAPPOw»b«Ani  radiAtien  faotop;  n  (hy»/Adt  Z) 
li  tho  fpooth  SM%mt  whlah  t(^a  into  Moount  tho  polo  of  ooAttorod 
pediAtton  ppoAvood  in  tbi  i)>t«lA  by  tho  intoPAOblen  of  tba  radUtlon 
And  tho  oaibitAnoo  (Of*  "Zonliini  MAtiotien”)* 

To  faoilitAto  tho  ouloulntionit  Mono  hondbeoko  provido 
vurioua  noao^PAso  and  tablos  fop  dipoot  dotopaimtion  of  the 
thioknoaa  of  ppotootion  d  Againat  radiation  of  diffopont  apoot* 
PAl  oonpottition  under  difforont  wockiag  eendltipaa. 

Th«oratioaUy»  any  aaterial  oun  be  uaad  for  proteotion 
Againat  X-  or  ganma  raya.  KowovoPf  in  ohooaing  matarial 
ona  muat  bo  guidod  by  oonoidorationo  of  doiign^  ooonony, 
and  roiiiuironenti  for  bulk  and  woight* 


in  mnfkisiii  vith  rimvms  of  giuRM  ratlfttlw  (ottiyitsr 

I 

10  to  ^0  n«4  of  mdHun)  thcj  oonditioni  Art  fuoh  thot  it  lo 
inpetaiblo  to  not  up  4  otAtionary  Khiold  (■•{;•)  In  rteharglns 
tho  \inltf  withdfAwlnij  a  radioaotlvo  proparation  froii  u  oontainart 
(ialltoratin<{  an  inatruiflonti  datootln^  flawi  with  an  epan  ootu'otf 
pvaparin^f  applioatora  and  moulagait  otoO*  Zn  auoh  oaaaa  one 
oan  uoa  tnovabla  ahlalda  (nin*  1)  ori'aa  thay  iay«  "pvotootlciu 
by  dlatanoa'*  o»  "protootlon  by  tloa%  naaniivi;  that  all  or^ao 
aouroaii  of  samiBa  radiation  ahould  ba  handlad  with  long  toAifO 
or  holdora  booauao  th«  radiation  doae  daoraasoa  In  invarat 
proportion  to  tha  aquara  of  tho  diatanooi  :i<^trthArBort > 
a  /;ivan  oparation  ahould  bo  parformad  only  in  that  intarval 
of  tlNia  durirti  whieh  tha  workar  deal  net  raoaiva  a  desa  in 
axoaaa  of  the  novmo  aatabllahad  by  the  Iknltary  ttoflulationa. 

1,'iuoh  work  oiuet  bo  monitored  by  n  haalth  phyilolati 


Hfs»  !•  Tobla  ihlald  with 
an  !S'W»typa  holdar. 


I 


M  uMttthdv&ttd  pdfiOM  M9  al&dv4d  t«  rtaain  I 

Ikictit  ikh*  Mta  nAiw  th«  doie  •xotttda  iba  MTO  »w%  \m 
% 

(»lot«d  eff«  Vhaa  th«  aotitlty  of  Iht  aotupoa  ii  K  atf  of  VAdiua« 

I 

liho  diotottoo  tA  vhloh  la  KPS  !•  evoatod  !• 


vHf  fi  li  tho  KPS  por  wopMoi^  ,  aad  I  !lii  Ibo  tdoo  la  beuro 

■  I 

I  I 

daxlng  whioh  an  opon  •eunoo  Is  bandlod* 

fhs  tlas  duria#  which  a  wenksn  aiy  ho  asav  aa  open  sottrec 

'  I 

do  povfOMi  aa  opinadloa  is 

t  ■  P*a*  houffs* 


whwi^f  1  ii  dhi  distoaos  (in  on)  fvoa  Iho  wevkor  aad  S  is  the  KPS 

I 

pen  vovkdoy* 

I  *  t  ,  '  ' 

Pretsotioa  agaiasd  aoUdveas  is  oaloaladsd  fnon  ths  ap* 
pnopnioto  foreulas  or  aosoevaas*  Ittbidaaoss  widk  low  adoaie 
Buahovo  are  used  as  p*..*9diw»  aadonlals  hooauso  at  oaoh  ooilis* 
ion  with  a  auelous  ths  asutroa  loess  part  of  its  saorgjrt  ths 


Boro  so  ths  olosov  dho  aueloaa  aass  is  to  ths  noutvoa  aass* 
WAtor  on  ponorsdo  is  asraally  used  for  predsodion  sfainst 
astttrenst  Bating  lost  Ido  snorcr  ia>dhii„pyddoidivo 
■uhttdaaos  as  id  iadoraods  with  dhp  auoloi  of  ths  adoast  dho 
fast  Bitttroa  is  dvaasforisd  into  a  thsmal  noatrea  which  is 
oapdttrsd  by  dho  auolsi'ef  ths  adoas  while  saidting  fsnaa  duaata* 

.L. 
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j  Xt  will  iM  th»t  th»v»  ii  virtually  no  puk*o  noutvon 
flux  Xt  ii  ffonorolly  known  that  nuoloar  roaotorii  «eoolos>atoat>f» 
and  vadiun-tos^lllua  ^vosaratioM  ara  noutron  sourooi*  lkiNld*i 
noutronay  all  thoae  aouvooi  havo  powerful  eanma«ray  fluxto 
that  aro  produood  durlnc  the  fiaolon  prooestoo  or  front  tho  do» 
oay  of  fioiion  produoti*  Iwna  raya  aro  produeod  in  aooaloratore 
and  radlua-barylliuQ  proparationa  by  nuolaar  roaotiona  whioh 
yield  nautrOne)  they  aro  alao  oaittad  by  tha  produota  of  radiiun 
daeay<  Vhuot  in  doaianini;  protaation  aifolnat  noutrona  ona  aiunt 

<  t 

at  thH  aana  tina  provide  protection  n^alnat  fenma  radiation 
(oft  "Kautron  ‘Radiation")* 

rrotaotion  apinit  external  radiation  from  open  aouroaa 

alfto  entaili  proper  plannias  and  t^ulppirtr  of  work  areaei 

inciluditit'!  vantilation»  ae  aa  to  pravant  radioactive  aubittanoae 

from  penetrating  tha  body.  Vha  ratiuirenanta  vary  with  tha 
» 

nature  of  tha  oparatiene  to  be  parferaad  with  the  partioular 
ieotope»  ita  activity  and  toxioity.  All  work  with  radioaetiv# 

i 

laotopaa  era  dividad  into  thraa  olanaaa  aooording  to  tha 
toxioity  und  aotivity  of  tho  iiubatanoea  at  tha  work  plaoa 
(Tabla  4), 
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J 


»» 


T&blo  k 

Activity  ftt  /crli  PlMotiii  tor  Dlffefdnt  Clfiisci  ef  ^rk 


■«i> « 


Toxioity 

Aotivity  At  work  plAOAf^o 

group 

OlASS  1 

OlAOS  S 

Olaes  3  j 

K 

>10 

0*01  »  10 

OtOOOl  •  OiOl 

B 

>100 

Oil  -  100 

OtOOl  «  Oil 

0 

>1000 

1  «  1000 

0.01  -  1 

0 

>10000 

10  •  10000 

0.1  •>  10 

aiasii  }  work  9«.n  b«  dono  in  orSiniiry  eh»ni.Utvy  luboratorij^Si 
Opirfttiai  9«vionMl  aut  ira«a>  %  MtMtoi  eolAskia  ec»i  abA 
sniVbir  or  vinyl  oklerido  (lovti. 

Olnin  S  work  ntuitc  (Sono  in  o^ooially  Aciuippod 
iiol^itod  rrei>i  thn  othor  Tho  tTleor  it  oevorod  with 

nuMtioAtod  rubhir  whilit  tho  waUe  urif  piaintod  frou  to]>  to 

n  ^ 

bottom  with  on  oil  pilnt.  koilionotivo  oubatunoos  aro  hundlod 
in  ipooial  boxoe  (K'iA’O*  1*  ond  or  under  oxhHUii  hoodi*  ?he 
boxes  nni  hoods  «re  eauiupotl  with  sxhnatnt  fonn  laml  filters  to 
Itru))  the  rnillonotivo  aeror.iolSi 


I 
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'Tls»  it  J)ex  for  handling 
ridloaotlva  itubutaneti* 
?in/r-llki  nanlpulatert  a«« 
mbuntaii  in  thf  front  of 
thf  box. 


Vigt  i,  Mfohanloal  nanl- 
pulatov  for  handling  vary 
aotlvo  lootopoa* 
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nubatiftnoikA  tivti  hi^sidlod.  with  tojofs  and  s>inotra 

(flu.  4). 


fit*  4*  Touft  for  haiwlliiae 
vadloaot&VM  ouUtanooa* 


Ojporatlng  porMonnol  woar  a  bloaohod  aeHotkin  ojipt 
7Ubb0r<«aol«d  ohoti,  and  irubbav  or  vinarX  ohlerlda  flovaa* 

A  pXaitio  apron  I  ovtriXtm«t  'and)  all  a  "Upoatok" 

raipirator  (to  protaot  th»  roap&ratory  ortfana)  aro  aXio 
uatd  (riir<  5)« 


71ff(  S«  "Lapoatok"  maplvator* 


r  tn  class  2  lalsorstorlsa  it  is  dasirsblt  to  provida  f«olXi-  } 
ti«  for  tsklns  a  ohewtr  wh«n  tho  work  is  finishtd* 

OlAfis  1  work  is  dona  in  srsss  divided  into  thrss  parts  in 
suoh  a  way  that  ths  souross  of  radiation  art  Iselatsd  from  ths 
plaotio  whsrs  ths  psoplo  work  regularly •  ?hass  arsas  ars  in  a 
special  building  or  isolated  wing  of  a  building  with  a  separate 
entranoe.  One  part  of  the  area  (sene  1)  ineludes  the  epaoe 
for  the  equipment*  boxes*  oonnunioations*  ete«*  whioh  are  the 
souroes  of  radionotive  oontosination.  Zone  2  is  used  for 
repair  work*  loading  and  unloading  of  aotive  materials,  or 
auxiliary  operations  involved  in  opening  equipment  and  do- 
oontamination.  Hone  3  oontains  shielded  areas  where  meet  of 
the  people  stay,  comb  2  and  $  am  oonneeted  by  a  lanitary 
enclosura  in  whioh  additional  means  of  individual  protsetion 
ars  kspt  and*  whsn  nseesstry*  psrsennel  Isavlng  eons  2  osn 
be  given  oanitary  prooessing. 

In  the  areas  whers  olnss  1  work  is  dons  ths  floors  ars 
eovfl'red  with  mastioatsd  rubbsr  or  tile  while  the  walls  are 
faoed  with  glased  tiles  or  maetioated  rubber*  The  oeilingo 
are  peintsd  with  an  oil  paint. 

A  olasu  1  laboratory  must  have  a  sanitary  paasagsway. 
Operating  pereennel  wear  speoial  underwear*  moleekin  over¬ 
all!  *  platitio  apron*  and  ovoreleoveo.  All  work  ii  done  in 
Ljpeoial  boxee.  There  are  exhaust  fane  with  filtere  all  over  —i 
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f  to  th«  alv»  ill  sf'opAir  and  deoentaniiMtion  work  ii 

onrriod  o\it  on  th«  tont  2  tldo.  dpoolal  aiv  oulti  aro  worn 
to  provont  radloaotlvo  aubatanooa  froa  ptnotratinin;  tho  kodyi 

Olaia  1  and  2  laboratorioa  auit  ayitoaatioaSily  aenitor 
tha  oxioraal  fiau-raj  kaokeNMiA  aaA  ttw  eMtaai&sA£«a  l«teS.  of 
work  aurfaooti  ataoephario  alr»  slethinfi  hands |  and  body 
of  tha  workara« 

yro|aflnon_aaaint<L_^«ra»a  and,QlQiad  -iOJtrn^  of  aamaa 
radiation.  Tha  varieua  davloas  ara  aithar  stationary  or 
BOtabU.  Tha  fornar  inoludea  protaotiva  walla  p  floor  and 
onilinc  oowarlnfSp  doors  and  doorways p  viawing  windowa, 
otatiaaa^  ofadsmBt  for  ««rti  with  senTMt,  ota. 

I 

mvobla  Aovloas  f«il«Aa  amMUip  aMiBg  adP  Soray  tubasp 
tubnUa  and  dlaphragaa  that  Unit  tha  raysp  portabls  saohinas 
for  work  with  caaaa-ray  aouroaSp  oontalnara  for  ahippinf  and 
storing  radloaotlva  praparationop  atoi  Tha  dawioea  ara  la- 
laotad  in  aooovdanoa  with  tha  purpoaa  for  whioh  tha  radiation 
aoureoa  art  to  bo  uoad* 

A  dlatinotion  auat  bt  nado  batwaan  tha  protaotiva 
ayiitaniuaad  ini  (a)  X-ray  diagnoatio  rooaai  (b)  X-ray 
troatnant  roeaai  (o)  ganaa  tharapyi  (d)  tharapy  with  high- 
anargy  partiola  aootlaraters |  (a)  dataotion  of  flawa 
in  aanafaoturod  goods  with  X-raya  and  gaaaa  rays. 


r  fretiftqtion  In  X^rny  AiMMoatlo  Mtaii «  App«ratui  produoAnf'"'  | 
X-PAdlatlnn  with  4n«r£(}’  up  to  110  knv  are  meat  oonnonly  uaad 
for  dla,$nontie  purpoaen*  stationary  proteotlon  of  walla  and 
oftillnffa  aa  wall  aa  looal  e^arda  are  aeipleyad  to  ahiald 
the  patient «  toohnioiana,  and  paraonnol  workinf  in  adjaoant 
areai(  from  unuaed  radiatione 

3'rotaotiva  davioat  of  tha  (jenaral  (atationary)  typa  may 
not  be  ra4ttirad  in  buildiufa  with  thiek  briok  walla  if  they 
era  daaldrnad  properly*  Otharwiaa  atationary  pretaotion  ia 
oaloulatad  fros  apaoifioatiena  for  the  maxiaua  ecBlnal  voltaia 
with  due  rodrard  for  tho  diatanoa  from  tha  X-ray  tuba* 

Looal  protootion  In  roantuonesraphy  inoludaa  tha  pro- 
teotiv®  oaainc  of  the  X-ray  tuba»  with  a  window  for  foonoin.^ 
the  bean  only  in  tha  daairad  diraotieni  diaphragn  liDitinu 
and  formlntf  tha  irradiation  fiald;  tubula  guarding  a^ainot 
aoattarad  rndtation  ariiini,  in  diffarant  parta  of  tha  X-ray 
tuba*  at  the  ad^aa  of  tha  viawing  window  and  in  tha  diaphrasui 
aorean  naar  tha  oontrol  panal  to  protaet  the  teohnlaian* 

Other  devioeo  uoad  in  roantganoeoopy  ineluda  load  glaaa 
jt!.vpliad  VO  the  luminoua  aoraan  on  tha  aide  ef  the  observing 
phyffliuiont  ahialde  of  laad-linad  rubber  around  tha  frana  with  a 
boraen  to  protaot  tha  phyaioian'a  body  from  aoattarad  radiationi 
fhiolds  protaoting  tha  phyaiolan'a  laga  from  aonttorad  radia- 
L^tioni  protaotiva  lead-linad  rubbar  olothing*  glovaa*  aprona*  ^ 
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%'hn  rmtliatlon  dot*  U  vviiuond  during  fluoroaoopy  \»!f  luortAiinf  I 

the  hrlghtneie  of  the  iortoni  inore»aing  flUrntion  of  rayi 
(to  au  of  Al)t  rtdttoing  ourront  through  tho  tubtt  oiaploylng 
Imago  oonvorti^r  tubon* 

I'ho  prlnulpul  protooiivo  laatirlftlo  uned  in  tneldaurei  or« 
loiiiil  plato  (oAsingi  tubulooi  diftphr«gNi)i  load  flaett  load- 
linod  vubbor. 

The  load  oquivalont  of  tho  wtllo  of  protootiro  tBoldouroa 

t 

niuat  onauro  a  dooo  rate  bolow  tho  Mlr'D*  fho  deio  rato  for  an  onolo* 
■ura  varleo  both  with  tho  oieo  of  tho  ],oad' o^uivalont  of 
tho  wall  and  with  tho  diotanoo  fron  tho  oouroo*  In  additioni 
thore  io  a  difforont  for  tho  difforont  OMitof§ri§o  (of* 

ahovo)*  Thoroforot  tho  load  oq^uivalont  of  fonoral  otationary  »nolo» 
eurof  io  gonorally  oaleulatod  for  oaoh  oaio  individually* 
yor  protootion  against  diroot  radiation  fron  a  110  kv  X^ray 
uaohine  in  rolation  to  tho  abovo-nontlanod  faoterof  tho  load 
oquivAlont  of  tho  wallo*  ooilingt  and  fleer  nay  range  from 
about  1  ta  ^  mm  of  I'ho  load  squivalont  of  tho  dovlooo  for 
looal  protootion  (load  glaoH  for  oeroonof  hood»  shioldi  apron* 
oto*)  varioo  within  approxinatoly  tho  oaao  llnlto*  Sinoo  tho 
protootion  etandardo  ere  roviowod  fron  tlao  to  tine*  tho 
load  oquivalonto  of  tho  various  leoal  shislding  devloos  should 
alto  he  rtviewsd  for  taeh  itsa  stparotsly  (Of*"X«ray  Boon"}* 


pgQf  otiai^  in  XTty  tgoAtaiftwt  romt.  A];»paPAtui  preauolnir 
X'^Adiatlon  with  *iMrgy  up  tp  260  kav  «»•  used  for 

I 

0 

roont^ontho.vapj'*  t:or«  poworful  maohinoa  yictldln^  radipt  onorfiy 
of  eavoral  mUllon  oleotrsnveUi  &r«  now  koooointf  j,ndroasini[3'ly 
%vaU,AblOt 

,  llodlcition  protootlon  in  troatmon^  roeas  i§  th«  aaBa  rotjard- 
loaa  of  tho  onorgy  usod  axoapt  for  thi^  load  aqulvalant  of  tha 
pretaotlva  davlaaa*  Zt  la  eharnotariotlo  of  an  K-rny  traatEnont 

I 

reenif  unlika  a  dlagnoatio  roou;  that  maclionl  paraonnal  Ar»  not 
allowad  to  ra»ain  durin/;  a  aasaloii  whiZa  tha  f«ray  tuba  la 
funotlonlntj*  Tha  patlant  la  ganarally  Irradiatad  In  a  booth 

t 

00  tha  taohnloian  and  nppnratu.i  control  atay  behind  a  pretaetlva 

waUo 

;)tAtionary  protaotlva  anoloauraa  oonalat  of  protaotlva 
wallOf  oelUngi  floors  doeva  to  tha  booth t  ttnd  vlowlng  window* 
Tha  i).rotaotion  la  bnood  on  tho  nuixlmun  poaalbl'!*  reUaga  In 
tha  X«ray  tuba  and  the  dlatanoa  from  it  to  tha  plaoa  whara 
the  nadloal  paroonnel  stay*  Thaaa  anoloauraa  ora  daaignad  to 
protooi  both  personnel  and  adijaoant  rooaa* 

Tha  lend  eauivalenta  of  atntlenary  anoloauraa  vary  with 
tha  faotora  nentlonad  abova*  for  axampla*  thay  may  ranja 
from  about  4  to  6  mm  of  ?b  for  radiation  from  a  200  kv  maohina* 


An  in  th«  east  of  d^ignoiia*  the  patient  is  proteeted 
ftgKinet  exoeee  s>Adiatio»  by  the  onoing  of  the  X-ray  tube^  dia- 
phragsss,  and  tubule* 

?re,teotiQa_ln  ffamatt-theraBy  roeae*  The  uaual  ganna-ray 
ttouroee  ere  Co^*^  (energy  •>  It  Hi  and  1«17  uev)  and 
(energy  -  0<6d3  nav)«  The  protaotiva  oaelng  of  the  naohina 
in  nonoparatiniif  poaltion  lewaro  the  radiation  deia  rata  in  all 
dirootiona  to  Si  ar/hour  or  laac  at  a  dintanoa  of  1  a  from  the 
aouroa*  The  maohlne  auat  be  uead  ir^  a  spooially  oonatruoted 
room  with  protaotiva  walliii  and  ooiliifVi  baoauaa  whan  in  oper¬ 
ating  poaition  (while  the  patient  la  being  irvadlatad)  the 
beam  may  be  diraotad  to  the  floor »  oelllng^  or  toward  the 
adjacent  rooms*  Tht  lead  a(^uivalent  of  the  etatlonary  on- 
olouures  of  protective  boutho  for  gamma  therapy  dapendo  on 
the  amount  of  aotlvity  of  the  radiation  aouroao)  diatanoe 
from  souroa  to  paraonnal  atation*  and  alia  of  parmiaaiblo 
doeo  rate  bohind  the  enoloeure.  Vor  example  *  if  there  ie 
a  eeoond  floor  above  the  room  where  a  gamma  apparatue 
with  Qobal't  souroo  poeaeasing  the  aotlvity  of  4DO  of 
radium  ie  looated,  the  floor  rtnd  oeiUni,?  between  the  two 
atoriaa  muat  hovo  protaoticn  e';;uivaL>nt  to  24  om  of  Pb. 

A  floor  and  oeiling  of  oemant  with  a  deneiby  of  2*3  g/om^ 
•hould  be  about  1300  urn  thiok* 


Th«  wstlli  and  otlUnt;  notd  not  bt  no  thiolk  in  a  poor  with 

(I  rotary  naohlno  if  a  protootivo  blook  eountorpolHo  li  pUood 

bohind  tho  pntlont  in  th^t  pnbh  of  th«  booni  ,  If  tho  oountorpoloo 

attonuatoi  bho  boami  ne,.y»  9000  tlnoa  (ntool  loytr  20  oat  bhiok}| 

tho  bhioknaiM  of  th«  o«Mont  eoillng  and  floor  in  tho  oKataplo 

oitod  abovo  oan  b§  dooroaoid  to  600  nm*  Thio  thioknoss  lo  ro- 

i.iuirod  not  only  to  attonuato  tho  Airoot  boam  paminr;  tilrrouijh 

tho  oeuntorpolMOi  but  aloo  to  protoot  porsonnol  on  tho  floor 

abovo  from  oonttorod  r«dintion> 

Tho  ontranoe  bo  tho  broatmunt  room  is  usually  protsobod 

by  a  enis  arvnngsfflont  boouuit  oi'  tho  groat  (luantity  of  rndia> 

tion  oinibtod  by  and  Us^^*^  Hourooo*  This  oonsidorubly 

r^Auoos  tho  ooneumption  of  load  for  tho  door  and  nakoi  it 

lighter  in  woight*  Tho  tRaso  onbranoo  is  gonorally  intorlookod 

with  tho  maohino  in  suoh  manner  thut  when  the  souroo  in 

open  tho  booth  oannot  bo  ontorodt  At  tho  nano  timo  Signalo 

indioato  tho  ponitlon  of  the  uouipoo* 

Tho  pationt  oan  bt  safely  ebeervod  through  a  viowing 

window  (in  tho  protootivo  wall)  ohioldod  by  load  gloos  panon 

with  0  transparent «  very  den»e  fluid  oometinoi  plapod  between 

thoini  Telovieion  rooelvorsf  poriioopon,  oto.  are  uood  to 

0 

obeorvo  patienbo  ao  they  nro  irradintodi 


Odao9r«t«»  bnrltM  anA  bvipk  av»  uitA  fox*  th« 

Mtfttioiiavjr  pretAotiva  waolomtiit  1«4A  fox*  th«  pvettetivii  «Mlnf 
ot  the  X-»ey  MOhlne  end  bloek  0Aunte!ppeli.e«  VelfvM  end 
urAAiWi  whlon  hevt  striCMa  ehleillai  i^epertiei,  are  h3jo  uiet. 
VbtHeatioa  of  theee  aAteriale  irreatlsr  ifeduoti  the  bulk  ond 
wttlftht  of  the  protHOtlYi  devieee*  the  foUevinic  vat&oa 
to  0*naA  vediation  of  Oo^^i  etu&vale&t  thdekneii  of  lead  and 
volfran  »  1*4  fits  t  1  on|  equivalent  thiokneea  of  lead  and 
uvadluM  -  IfH  oa  i  1  oa* 

pgoteotion  in  gooiin,,vlth  aoBoleyatoge.  ifoneral 
iA^ranffeBtont  of  tho  paretootlve  dovloe.e  for  work  with  ac- 
oeleratora  (of<  "Oherfted  Partiole  Aooeleratora")  is  eiallar 
to  that  ettployed  In  reontdenthbvapy .  She  aooeleratere  ifire  aur- 
rcunded  by  proteotive  walle  and  oeiliAge  and  fleex*ai 

The  aoeelerator  In  pr^^ided  with  looal  proteotlon  de* 
pfindlnf  on  lie  deeiAU'  Shin  proteotlon  either  enolrolee  it 
or  only  gone  around  the  wlnclowt  blookiofli  exoedi  and,  eoattered 
radiatione  The  direct  bean  behind  the  patient  le  blookad  by 
tho  proteotive  enolooure*  The  rogn  neede  overall  ihleldins 
to  roaove  the  aoattored  radiation  eeoapinjr  froa  the  eddoa  of 
the  dlaphragaai  patient’s  body^  and  parte  of  the  enoloeure 
on  which  the  direot  beat  falle  behind  the  patient* 


Tho  thloknati  of  tho  prottotivo  thooti  of  tho  enolooufoa  I 
In  ooloulttod  fron  the  ^uontlty  of  bronsitrahlunff  ooltted  by 
tho  ftoeoliirator« 

rvetootiss  o^otnit  radiation  from  aeoolopotoro  of  dtfforont 
doiifin  auHt  bo  Indivtduolly  dotoninod)  taking  into  aooeuht  tho 
natMPO;  enop^,  and  intonolty  of  tho  radiation  oalttod* 


and  roseagflh  ourBoaoe.  X-ray  dlffraotlon  and  spoetral  anaiyolo 
io  porfornod  with  apparatuo  preduelng  thi&9..'dlrootod  boauuo 
of  X-radlatlon  with  esiorgy  no  highar  than  60-100  koV|  lOBotlnoo 
of  vary  groat  intoMlty*  Sh»rofero»  tarofnl  attoation  aiat 
bo  paid  to  leoal  protoetion  and  tho  aotuai  oporating  toohnlquo 
And  handling  of  tho  apparatuo.  Tho  groatoet  dangor  io  aooil- 
entally  planing  tho  hando  or  part  of  tho  body  in  a  diroot 
boaof  vbioh  aa^^  oause  oavoro  looal  radiation  lesione  (of. 
"Aadlation  Burno"). 

X-ray  flaw  dotootion  io  baood  on  tho  pbotographio  aothod 
Involving  a  fluoroooont  ooroon  and  ieniiatlon  indioatore. 

Coder  stationary  oonditiono  it  io  ordinarily  used  in  epoeial 
hootho  oinilar  to  those  onployod  in  roontgoathorapy  and  pro¬ 
viding  protootion  ogainit  both  direot  and  oeattorod  reyo. 

In  Induotry  uoo  io  nado  of  a  aebilo  unit)  portable  ooroonoi 
and  other  toaporory  noano  of  snoloeing  tho  work  area.  Tho 
»X-ray  tube  in  placed  in  a  protootlvo  eaolng.  Frotootivo  an- 


a 
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'  oleiuvaii  fluortte«at  aorttnii  «nd  lonliktlen  Indioateri  as** 
part  pf  tha  atandavd  •(tulpnpnt*  C?ho  purpota  of  tha  anoleauPiia 
la  ohlafly  to  protaot  tha  taohnlaiana  froa  tha  aeattarad  radia¬ 
tion  prooaading  frca  tha  ebjaat  and  adfan  of  tha  diaphrapta  and 
tuhulas* 

X-irradiation  of  blolotfioal  obdaota  for  raaearoh  purpopaa 
la  pnarally  oarriad  out  in  »6eaa  aiailar  to  thoaa  uaad  in 
roantffantharapy* 

Znduatrlal  and  raaaaroh  gaamn  irradiation  unita  ara  oeo- 
parabl#  to  thoaa  uaad  for  ganma  tharapy  axoapt  that  tha  pro- 
tpotlva  anolOHuraa  ura  gonarally  Inoludad  in  tha  daaign  of 
tha  Boohinai 

damna  unita  for  flaw  dotaotion  anit  a  diraotadf  linitad 
baaiB  or  thay  allow  tho  radiation  aouroo  to  ba  puahad  forward 
to  preduoa  olroular  trona illumination.  'Phat  la  why  gaana 
dafaoteseopy  undor  atationary  eonditions  ie  oarriad  out  in 
apaoial  protaetiva  boetha.  Whan  a  gamaa  unit  ia  uaad 

I 

diraotly  in  a  ihop*  it  ie  diffioult  to  inatall  a  protaetiva 
anoloeura  baoauaa  of  Ita  {;raat  waight.  All  axoapt  tha 
teohnioianai  who  uoa  ramota-oontrol  daviooii  auat  laavo  tha 
araa. 

Tha  ganaa  appnratua  uaad  for  radiologioal  axparlaanta^ 
odd  atariliiatient  radieohaaioal  invaotigationai  ato.  dlffar 


p***  MMi 

I  iCvon  th«  oth«v  lniih«t  vci1ubi«  irradlAtore  art  uaad  ina^^iad 
0f  tho  point  aouroa  aaployod  in  gamma  naohinai  fop  thtrapy 
and  flaw  dataotion*  In  planning  protaotion  against  radiation 
from  auoh  naohlnaa  ona  must  taka  into  asoeunt  both  tha  radiation 
rata  and  tha  opavAtlng  oonditiona  (a.^^  naad  to  ohanga  tha 
obdaota  fvataantlyi  alat  of  tlta  irraHabor  vhlah  la  a«M,tlMi 
aoMUariAla). 

Blocking  dawioai  and  signal  ayataas  ars  highly  important. 
UharsAA  laadi  lass  oemmonly  wolfram  and  uraniua»  nra  uaad 
as  shielding  nateriala  in  tha  oonatruotion  of  gaana  naohinaa 
for  flaw  dataotien  and  thar»py»  briokf  ooneratai  and  other 
building  matorinla  are  uaad  in  gamma  maohinaa  of  tha  atationury 
type,  laadf  wolframi  and  uranium  are  only  uaad  in  tha  oon* 
atx'uotion  of  mobtlo  unite. 

Vbaaa  aubstanoaa  art 
ahippadt  aa  a  rulo,  only  in  apaoial  oontainort  eonfomlng  to 
tha  standards  sat  by  tha  State  Oommittaa  of  tha  Oeunoil  of 
Mlniatara  on  tha  uaa  of  atomto  energy  and  tha  U.S.S.ii.  Main 
:Uata  ilanltary  Inapaotor.  Qaoaoua  and  liquid  radioaotive  aub- 
atanoaa  must  first  ba  paeked  in  hamiatioally  sealed  boxes 
and  thea»  depending  on  apaoial  raqulramantat  plaoad  inside 
ociutainara  with  ahialding  material  determined  by  tha  amount 
of  tha  aubatanoa  and  radiant  anargy.  Solid  radloaetiva 
^aouroaa  in  ampula  oan  ba  ahlppsd  in  protaetiva  oontainara 


with  no  othor  pnokin^jr* 

Ofi  th«  AVtiloloi  on  "Rf^llfttien  l^clont"  tnd  "ittdieMoloi{y"« 
Oh»mic*l  ^biolotfiota^  ngotiotifen  aatlnit ridifttion. 


Ohonloal  vadlttlon  pvetootlon  InvjlVAi  tho  Intvoduotlon  of 
ooirtaln  subitAnooi  into  thA  body  bti^ovo  VAdiatien  In  erdov 
to  wofikon  itn  bioioglenl  off not*  Vhooo  "protoetero"  art 
ttsod  in  7oonttf«nth«]s>apy  and  ourl»thorapy»  In  rapair  work 
In  lahoraterloo  and  lnd»ati!>la],  plant!  utiliaintf  ientalni; 
ffAdintion  and  radioaetlv!  isetepai.  ':?h!ir  maohaniaa  of 
notion  io  vary  oleaaly  ralatad  to  tha  pvinary  phyuioeohanioal 
and  bloohaiuioaX  raaetioni  that  fellow  tha  irradiation  of 
tiaoua  (of I  "Aadiobioloify'*)*  Qon«  aapaota  of  tha  Baohanian 
of  action  nay  ba  undaratoed  by  oenaldariny;  a  vary  ainpla 
nodal  «  roantfan  (caoma)  irradiation  of  aubatanoa  A  diaaelvad 
in  watar*  Tha  fellowins  raaotiena  will  ooouri 

( 1 )  0  A  «»#A'^  ♦  A 

(rad*  (ion-  (axeltod  nelaoula) 
iation)  liad 

noleoule) 

(2)  A**"  — t  K* 

(raoonbi nation  of  iena  and  fernatlon  of  ioniaad  nola- 
oulea  in  dlffarant  atataa  of  alaotren  axoitation) 


(3)  A*  -a  Aj 

(ehanioal  tranafornation  of  nolaoulaa) 
(b)  A*  —a  A-raAioai 

[_  (broakAown  into  frta  raAleala) 


a 
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A*  mm^  A-VAdiOAl 

(oonv«i>tlQn  into  thoMAl  onorggr) 

# 

A  ♦  A  A  +  A  +  hOAt 
(oonoonti^Atod  ixtinnuiahlnitr) 

I'ilnilar  pi^ooiAOoa  vill  tako  plaoo  whan  tho  wataio  itaalf 
111  IVPAdiatad*  Zt  it  naeaiaary  to  boar  in  mind  that i (a)  all 
•iiMrijr  abaorbod  by  tiaaua  ia  diatvibutad  propevt^onataly  to 
,tha  aaaa  of  tha  aubatanoai  oonpoalnf  the  tieauai>(b)  noat 
tiaauaa  oontain  lai'ga  aaounta  of  vatavi  (o)  a^uaoua  phaaaa 
ai?a  dlraotly  oontinguoua '  to  tha  auvfaeaa  of  tha  dOit  variod 

I  ’ 

molaoulaa  in  tha  livian  oalli  (d)  vadlbala  foraad  in  tha  aqunoua 
phaaa  nay  i^eaot  dlraetly  with  bioloyleally  oiffnifloant  nola* 
oulaai  (a)  fvaa  padtoala  art  oenplaxaa  with  anenaloua  valanua 
whiah  possass  a  lafkad  affinity  for  oonbiAatien»  but  do  not 
oavfy  fir.  slaotvio  ohavfa  and  art  net  fraa  ionai  (f)  with  tha 
iivadiatien  doaaa  that  ara  novnally  uaad  in  biolotfieal  ax* 
parinantii  tha  nunbar  of  fraa  radieala  fonad  fvevi  linaarly 
with  imeraaaa  in  deaai  (f)  nelaeular  oxy^an  plauya  an  axoaption- 
ally  iaportant  rela  in  tha'  foraatien  of  fraa>vadieal  atataa. 

'  Tha  followinc  appveashaa  to  tha  preblaa  of  daviainf 
ohaiBioal  radiation  protaotlon  ara  auffaatad  by  tha  feragoinif 
oenaidaratlenai  (a)  raduoa  tha  yield  of  radioala i  parexidaai 
•ad  fraa»radioal  atataa  raiultiaf  froa  irradiation  by  taapor** 

I  arily  daoraaain«  tha  ooaeantratiea  .of  oxygaa  or  water  with  ^ 
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r  (,) 

(«) 


a 


ohAsiloAl  ooupoundRi  (b)  dto^i'dAit  th*  niAlobloJLeiiiQaa.  tffflot  by  I 
introduoinc  into  tht  orc<;nloffi  oompound#  eapnblo  of  voootlno 
with  th«  rodioftli  fd?»«df  (o)  introduoo  into  tho  ovganinu  ooa- 
poundN  OApHblo  of  roAotlnii  tonipoiparlly  with  &otlv«  cmpa  of 
meloeuUa  in  t.ho  o«U  ("pi^otoetion"  of  tho  aott  vulnoroblo 
Unhia  in  tho  bioehoalooi  preeooMoi  for  tho  poried  of  irmdiotien)  ( 

I 

(d)  uoo  oonpounda  onpobio  of  rapidly  aboorbin^  rodlAtien  of 
WHtor  or  provontinf  tho  nlipcation  of  oxoltotlon  onor^  free 
tho  Boloouloi  of  WAtor  to  tho  aoloouloo  of  tho  dioaelvod  sub* 
otonooi  (o)  ioaroh  for  odbotAneoa  -"oxtinpiohom"  >  whioh 
n.id  tho  oenvoraion  of  ieniSAtion  and  oxoitatien  anorgy  into 
thoraal  onorgy* 

Mothodfi  of  ohoaioai  protootlon  ineludo  tho  adainiatra* 
tion  of  vitAmimif  horaonoa,  oconaynon^  And  oortaln  blelogioaS. 
otimulanta  ("biolofioal"  protootion)*  fhtot  aubatanoaa  ana 
adminiatorod  aovaral  tineo  a  faw  daya  boforo  irradiation* 

ill  pvotootiva  aubatanof/f  aro  alaaaifiod  with  varioui 
ohoinloal  ooapounda*  li'or  axaaplot  invoatigatoro  hovo  idantifiod 
tnoh  ovoMpH  ao  tho  Aainothiola»  inlnoi  net  oontalning  tho  SH 
tinoup  (blogonia  aainoa)i  aulfur-oontoining  amino  aoidoi  oyano* 


gnnotlo  oonpounda  I  oto«  'i'hoao  oubataneoo  aro  furthor  dividod 
into  two  yreupo  on  tho  buoio  of  tho  tiino  faotori  (1)  ohomioal 


oubutHnooo  introduced  a  ohert  time  boforo  irrodiationi  (2^  pro 
"•tootoro  with  protraetod  aotlont  whioh  are  introduood  into  tho 


orebnlim  At  vnrlouii  tlRidfl  (up  to  >0  dAyo)  bafov*  ImdiAtlen* 

Tha  1  Attar  L'foup  inoXudAM  tha  vitanina  and  hornonaa. 

Thera  nra  deieann  of  ohaniioAl  oonpountla  known  to  provide 
iHnimAlu  with  aoino  dad'rta  of  protaotion  atrainat  lathnl  doaoa  of 
and  amm  iviyot  For  aKiiiAplat  !}0';''i  of  rati  injaetad  bafora 
irrodiation  with  h-oyfitaira  or  |Si -moraaptoathylamlna  aurviva 
(1,0  ooiiipnrff.iJ  with  ix  lrtO;.»  roortAllt.v  rota  f,or  tha  oontrola. 

.'.ome  of  tha  prntaoterii  |i -moroaptoathylAnino  (tnarenmint) 

baoapty.ir,  oyii)t«)(imina)i  ^»)n('i'0(i,ptoprop,vlan)ina  (propamino^t  AtOii 
hrivti  haan  Approvod  by  tlio  oeiAmittao  on  phnrnoooutloAlOi 
ilat'OfiiMinw  '"rn]  propn'ffiliia  aUiVlata  woma  aymptomo  isf  rhcllnition 
NiglmiBOD  (q.v.)  in  paraona  raooiviniy  roawttfoii-  or  ourlatbarepy. 

i*hQ  following;  i^onoral  cioimida^vntiono  apidy  bo  tho  ii)aohiuU.iii& 
of  Notion  of  tho  profeactox’u i  (ft^  a.U  m  affootiva  only 

if  ftdwiniotorad  prior  to  .irradiation  and  nra  inaffaobiva  ovon 
.if  i.\rhnlnlt«tar«d  iinuiadiataly  aftarwhrdi  (b)  all  tivi  protootori) 
inv(!nHirt'fflt''Jd  aro  Almnct  oomplataly  inafl'antiva  if  irradifition  io 
iiurriod  out  in  mi  atmoophara  with  hi|j(h  oxygon  oentanti  (c,i  moot 
of  tiu»  protaotivft  oowpoundB  protect  the  orjiyanim  from  oxygen 
rolBonincf,  ytvt  if  .rate,  for  eKHirple,  are  injootad  with  thawi 
oxytion  utllixu,tic)n  by  th«  whole  orKraniain  jiaoraasaii  (a)  almoiit 
a.lX  the  proteotora  invaatliyatiiid  era  untioxidanttn  end  tha  forma* 
tion  of  paroxida-lilie  oompuunda  dlminiahan  after  they  are 

h 

""'••introduci.Hi  into  tlu«  crijwiiBni* 
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An  inttrtitinf  i^«nturo  of  nnny  of  thoot  Qhtnlonl  oenpounAi  | 

I  ( 

ii  thnt  tht  naxlM  of.thoix  opootva  of  phoophovtooonot  «r«  vary 
olono  to''th«  apootru  of  daaoxyvlbonuoXolo  aoid  (qi«Vi).  Thia 

I 

ouffijanta  bhat  irradiation  nay  atinul'ato  tha  nitration  of  anarty 
from  tha  mataatabla  itata  of  SKX  to  tha  pretaotera*  ’ 

t 

t;ha  follewint  ia  an  astanpla  of  tha  notion  of  protaotora 
with  propartiaa  oharaotariatio  only  of  eortain  eXaaaaa  of  oon- 
peundot  It  haa  baan  found  that  in  tha  aninethiol  aariao  ^ 

(naroaninat  ato#)  oonpounde  with  tha  fonaral  fornula 

aa  —  (OK)^— NHg, 

whara  x  ia  no  hlthar  than  .9|  poaaaaa  pretaotlva  propartiaa* 

Vha  naohanian  of  probaotiva  notion  of  tha  vitanina  and 
hormonal  haa  not  aa  yat  baan  thoroughly  invaatigatad*  Otnaral 
radioraaiatanoa  la  apparantly  inoraaaad  in  varloua  waya*  for 

k 

axamplot  rapaatad  adniniatratien  of  vitamin  V  (eltrln)  togathar 
with  aaeorbio  aold  oonbata  parnaability  of  oapillavy  walla » 
raduoaa  tha  numbar  of  henarrhngaa*  and  inoraaiaa  tha  aurvival 

I 

ratti  of  aninala  axpoaad  to  X*  or  gaana  irradlatUs  in  lublathal 
doaiiii 

Va  onn  axpaot  battar  ra»ulta  by  ainulbanaeuoly  uiing 
aavorikl  protaotora  anting  on  diffarant  linka  in  tha  primary 
phyaiooohamioAlf  radioohamtonl |  and  bioohanioal  raaotlona 
davoloping  aftar  in«Adlatlon*  Tha  raaulta  hnva  baan  partioulor- 
ijly  fO'id  whan  thn  protootorn  wara  eonbinad  with  tharapautio  maaauxia 
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